This document 1s guaranteed to
be current only to 1ssue date.

Some Mars Global Surveyor
documents that relate to flight
operations are under revision to
accommodate the recently
modified mission plan.

Documents that describe the
attributes of the MGS spacecraft
are generally up-to-date.
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PRQJECT PLAN

| NTRODUCTI ON

1.1 ldentification
Title: Mars d obal Surveyor
NASA Program Mars Surveyor Program
UPN: 215-00

1.2 Background
The WMars Surveyor Program has been developed as an
aggressive but tightly cost-constrained program to
explore Mars over the decade from 1997 through 2006.
Small orbiters and landers built by industry wll be
| aunched at each of the opportunities, 26 nonths apart,
afforded by the relative notion of Earth and Mars in
their orbits around the sun. These multiple | aunches of
smal | spacecraft will provide significant science return
in a programthat is not reliant on the success of any
si ngl e conponent or m ssion.
The first charge to the Mars Surveyor Program is to
capture the science objectives of the Mirs Observer
m ssion. This will be acconplished during the 1996 and
1998 opportunities. In Novenber 1996 the Mars @ obal
Surveyor orbiter, |aunched aboard a Delta Il vehicle,
will carry duplicates of five MO instruments plus
conmuni cati ons equi pnent to relay data back to earth from
foll owon | anders.

1.3 Summary
The Mars dd obal Surveyor mssion wll provide a

spacecraft platformin orbit around Mars, fromwhich the
Martian surface, atnosphere and external fields may be
exam ned for one Martian year. The observati ons address
scientific questions, but also provide the understandi ng
needed to help in the planning for future |ander
m ssi ons.

The Mars G obal Surveyor mssion wll wuse a single
spacecraft, procured through a conpetitive process, that
wi || accommodate the sel ected payl oad instrunents.

The science investigations wll be a sub-set of and
utilize, in part, spare instrunments previously selected
for the Mars Qobserver mission. The Mars d obal Surveyor
sci ence conplenment will consist of:
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Mars Orbital Canera (MXC)

Mars Orbital Laser Altineter (MOLA)

Thermal Em ssions Spectroneter (TES)

Magnet onet er/ El ectron Refl ectoneter (MAG ER)
Utrastable Gscillator (USO

M SSI ON AND PROGRAM GBJECTI VES

The m ssion objectives are to:

(1)

(2)

(3)

Conpl ete the foll owi ng science objectives:

(a) characterize surface norphology at hi gh
spati al resol ution to qguantify surface
characteristics and geol ogi cal processes

(b) determne the conposition and wmap the
distribution of surface mnerals, rocks, and
I ces; nmeasure the surface thernophysical
properties;

(c) determne globally the topography, geodetic
figure, and gravitational field,

(d) establish the nature of the magnetic field and
map the crustal remant field;

(e) nonitor global weather and thermal structure
of the atnosphere;

(f) study sur f ace- at nosphere interaction by
nmonitoring surface features, pol ar caps,
at nospheric dust, and condensate cl ouds over a
seasonal cycle.

Provide at |least three (3) years of on-orbit relay
conmuni cations capability for Mars |anders and
at nospheric vehicles (e.g. balloons) from both the
U. S. and ot her spacefaring nations; and

Support planning for future Mars mssions through
data acquisitions with special enphasis on those
nmeasurenments which could influence landing site
sel ection.

The program obj ectives are to:

(1)

(2)

(3)

Launch a spacecraft to Mars during the 1996
opportunity

Insert the spacecraft into a near sun synchronous
polar orbit at Mars

Carry out a global survey of Mars during one Martian
year to collect at least 70% of the science data
available for acquisition from the scientific
i nstruments.
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MANAGEMENT

Organi zation and Responsibility

Overall direction of the NASA planetary program is the
responsibility of the NASA Associate Admnistrator for
Space Science. He has delegated authority to the Sol ar
System Exploration Dvision for rmanagenent of the
pl anetary program

A Program Manager from the Solar System Exploration
Di vi sion has been designated who has the technical and
fiscal resources managenent responsibility for the Mars
G obal Surveyor Program A Program Scientist has al so
been designated to serve as the science advisor to the
Program Manager, as an ex-officio nmenber of the Project
Sci ence Group, and as the headquarters point of contact
for scientific matters involving the Mars d obal Surveyor
Project. Project managenent is the responsibility of the
Jet Propul sion Laboratory (JPL) under Task Order RF 275
of Contract NAS 7-1260.

The Director of JPL has assigned responsibility for all
aspects of the JPL Mars Programto the Manager of Mars
Expl oration Program O fice, who in turn has appointed a
Proj ect Manager for the Mars d obal Surveyor Project.

Speci al Boards and Conm ttees

3.2.1Project Level Review Board
A standing Project Review Board has been
established for Project Reviews. It is
conposed of personnel experienced in project
and program managenent from both wthin and
out si de JPL.

3.2.2System Level Revi ew Boards

For system | evel reviews, the standing Project

Review Board wll be augnented wth senior
t echni cal per sonnel W th expertise and
experience appropriate to the system being
revi ened.

3. 2. 3Subsystem Level Revi ew Boards

Subsystem | evel review boards wll be
identified to review each el enment as
necessary. These boards w |l be conposed of
t echni cal per sonnel W th expertise and
experience appropriate to the elenment being
revi ened.



542-10

3.3 Managenent Support Systens

Specific tools used to support managenent in planning and
controlling the project are:

(1) Integrated Program Master Schedules wth at
| east one controlled mlestone per fiscal year

(2) Critical path for identifying those activities
with the highest risk of inpacting the |aunch
dat e.

(3) Mssion operations developnent, payload, and
spacecraft contractor schedul es wi || be
reported to the level of critical path wth
full cost, schedule and technical reporting
made on critical path el enents.

(4) Cost managenent tools to plan and nonitor JPL
i n-house performance and contracted efforts
consi sting of:

(a) SRM system

(b) Integrated Task Managenent Report

(c) RSRs, wor kforce reports, pr ocur ement
backup detail reports, and services
backup detail reports.

These tools will be integrated into nonthly

reports to the Project Manager providing a
tinmely input as to the financial status of the
pr oj ect.

(5 The project has defined a requirenents
hi er ar chy. Changes t hat i mpact t he
requi renents defined as Level 1, 2 or 3 wll
be controlled by the Project Change Control
Boar d.

3.4 Managenent Approach

The managenent approach for the Mars d obal Surveyor is
characterized as foll ows:

(1) bounded by constraints on the Project

(a) funding availability
(b) schedul e
(c) requirenents levied by the custoner, in

this case bei ng NASA Headquarters and the
sci ence conmmunity
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(2) nolded by how the work is planned
(3) assured by how the work is controlled

The managenent approach for the Mars d obal Surveyor was
revi ewed by an i ndependent review team appointed by the
Deputy Associate Admnistrator for the Ofice of Space
Sci ence. In response to the findings of this review
group, the Project will:

(1) Reinforce t eam bui I di ng and t eamnor k
t hroughout the project life through training,
retreats, and other mechanisns, in particular
with the spacecraft vendor.

(2) Rebalance the MOS devel opnent effort due to
the large credit from MO inheritance and
recover additional funds to be used for risk
reducti on.

(3) Assure that the internal review process gives
equal enphasi s to cost and schedul e
performance as to technical performnmance.

(4) Sustain an effective systens engineering
effort throughout the project life.

4. RELATI ONSH P TO OTHER PROGRANMS

4.1

Rel ated Activities and Studies

The Mars d obal Surveyor is a nenber of the Mars Surveyor
Program which consists of orbiters and l|landers to be
| aunched at every |launch opportunity over the next
decade.

The 1996 | aunches of both the Mars d obal Surveyor and
the Mars Pat hfinder provide an excellent opportunity to
conbi ne specific functions of both of these projects.
Identified thus far as shared functions are the
fol | owi ng:

(1) Launch Vehicl e engi neering
(2) Launch Operations nmanagenent

Shared functions within the Mssion Qperations may be
possi bl e, such as, navigation, mssion control team and
data adm ni strati on.
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4.2 Related Non-NASA Activities and Studi es

The Mars Surveyor Programw |l be structured in a way to
al | ow natural enhancenent by international participation,
col l aboration and coordination. |In particular, the Mars
A obal Surveyor, as well as all other orbiters, wll
carry arelay link which is conpatible wwth U S. |anders
and i nternational |anders.

4.3 Internal NASA Agreenents

The follow ng are the internal NASA Agreenents devel oped
for the Mars G obal Surveyor Project:

(1) Project Plan
(2) Program Conmm t nent Agreenent
(3) M ssion Requirenents Request

Additionally, a Menorandum of Understanding wll exist
between JPL and the Goddard Space Flight Center for the
acqui sition of two science instrunents, the MOLA and the
MAG

4.4 External Agreenents

A Menorandum of Understanding is being negotiated between
the National Aeronautics and Space Admi nistration and the
Centre Nationale d Etudes Spatiales for the Mars Relay
experinment to be part of the payload on the Mars @ obal
Surveyor .

5. TECHNOLOGY SUMVARY

5.1 Project-level Requirenents

(1) launch a single spacecraft to Mars during the 1996
opportunity

(2) obtain data from orbit about Mars to fulfill the
sci ence objectives of the m ssion

(3) place in the Project data base at |east 70% of the
science data available for acquisition during the
m ssi on.

(4) conplete the devel opnent phase of the Project within
the total cost specified in Section 9 of this
Proj ect Plan
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Systen(s)

The Mars d obal Surveyor Project is partitioned at the
interfaces of major elenents into systens. These systens
are as foll ows:

5.2. 1M ssion System

The M ssion System consists of the personnel
and facilities necessary for the design and
conduct of the mssion. M ssion design,
m ssion analysis and engi neering, navigation,
m ssion operations devel opnent, execution of
the flight mssion and archiving of raw
telenetry and navigation data are the el enents
of this system

5. 2. 2Sci ence System

The Science System consists of the science
i nstrunents and sci ence i nvesti gati ons,
including support to the mssion system and
t he archiving of science data.

5. 2. 3Spacecraft System

A contractor wll be selected to design and
fabricate the bus, integrate the payload,
support integration of the spacecraft with the
| aunch vehicle, and support m ssion design and
m ssi on operati ons.

The basic mssion function of the spacecraft
bus is to deliver the science payload into the
Mars mapping orbit, provide support to the
science payload for a period of one nartian
year and for the Mars relay operations during
the relay operations phase, and achieve a
gquarantine orbit, if necessary, at the end of
the m ssion. The contract for the spacecraft
wi Il specify the functions the spacecraft nust
performand the requirenents that nust be net.

Syst em Qper ati ons Concept

M ssion operations will be conducted at JPL using the
Advanced Mul tim ssion QOperations System JPL wll be
responsi ble for m ssion operations managenent, design of
the uplink/sequencing process and navigation. The
spacecraft contractor, at his renote site, wll be
responsi bl e, under the direction of JPL, for spacecraft
performance anal ysis, spacecraft health maintenance, and
support of the wuplink and sequencing process. The
sci ence operations and data analysis will be conducted on

-7 -
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a renote basis at the hone institutions of t he

i nvesti gators. Science instrunent operating paraneters
and sequences wll be determned at the investigator's
facility and transferred to JPL via electronic |I|inks.
After these uplink commands are checked agai nst m ssion
and spacecraft constraints, they wll be nmerged wth
other commands for transmssion to the spacecraft.
Telenetry data wll be formatted for transmssion in
packets, per standards established by the Consultative
Commttee on Space Data Systens. All data wll be

returned to a project data base at JPL. Spacecraft data
anal ysis and generation of supplenentary data, such as
reconstruction of the attitude of the spacecraft, wll be
performed at JPL. Science investigators will access the
data base to transfer data to their facilities for
processi ng and anal ysis. Followng a short period of
dat a val i dati on and verification, t he sci ence
i nvestigators will transfer planetary science data (for
MSS, reduced data sets) to the Planetary Data System for
ar chi val . After this data is archived in the PDS, it
will be in the public domain, available for anyone who
wi shes to analyze it.

System Constraints

The injection energy requirenments and physi cal di nensions
of the Mirs dobal Surveyor vehicle are wthin the
capabilities of the Delta Il (7925) |aunch vehicle.

The spacecraft will operate for approximately one year in
cruise to Mars, two years in orbit to achieve the science
mssion and for three additional years in orbit to
performa data relay function.

The baseline Project will be conducted within a total
devel opnent cost of $154.5Min real year dollars.

Mars dobal Surveyor will conply wth all of the
requirements for biological protection of Mars and its
satellites as set forth in Planetary Protection
Provisions for Robotic Extraterrestrial M ssions, NHB
8020.12B (the final review draft dated 5/16/94 or the
i ssue when rel eased).

G ound Systens and Support

The JPL Multim ssion Qperations Systens Ofice (MBSO, as
part of the Telecommunications and Mssion Qperations

Directorate, wll provide the Advanced Miltimssion
Qper at i ons System  hardwar e, sof twar e, oper ati ons
per sonnel , and facilities for supporting flight

operations. These functions include:



5.

6

542-10

(1) Navigation support, i ncl udi ng epheneri s
generation

(2) Command translation and transmssion to the
ground comuni cations facility

(3) Telenmetry data  processing, anal ysi s and
di spl ay

(4) Data storage, retrieval, and distribution

Sinmul ation of telenetry and DSN nonitor data

Tel ecomuni cati on system anal ysi s

Sequence pl anni ng and generation support

Spacecr af t and operations system testing

support

Qperation of the AMMOS and validation of its

per f or mance.

~ A~~~
[<©) QO N O O1
N N N N’
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The JPL O fice of Tracking and Data Acquisition, as part
of the Telecomunications and Mssion (perations
Directorate, wll provide X-band uplink and downlink
communi cations as specified in the Mssion Requirenents
Request (MRR).

The JPL O fice of Tracking and Data Acquisition, as part
of the Telecomunications and Mssion (Qperations
Directorate, wll also provide use of the hardware,
sof t war e, resources for conput er oper ati ons, and
operations personnel of the Network Operations Center
(NOO), which in turn provides:

(1) operation of the DSN and validation of its
per f or mance

(2) spacecraft telenmetry franme synchronization,
decodi ng and error correction of data received
fromthe DSSs;

(3) command nessage transm ssion to DSSs;
(4) radionetric tracking data preconditioning
(5) radio science experinent support.
(6) comunications links to the renote science
facilities, spacecraft contractor site, and
Kennedy Space Center (KSC)
Facilities
Facilities are required for the conduct of: instrunent

and spacecraft devel opnent, assenbly and test; instrunent
and spacecraft environmental test; |aunch operations; and

m ssion operations. The spacecraft contractor wll
provi de t he facilities required for spacecraft
devel opnent, assenbl y, i nstrunent i ntegration, and
environnental test and spacecraft operations facilities
for system test control and flight operations. The

spacecraft contractor will also provide facilities for
magnetic field background <characterization of t he
instrunents and the spacecraft. The instrunment suppliers
will provide the necessary facilities for devel opnent,

-9 -
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assenbly, and test of the instrunents. The hone
institutions of the appropriate science investigators
wi Il supply the m ssion operations science team and data
anal ysis facilities.

The Tel ecommuni cati ons Devel opnent Laboratory (TDL) wil|
be used for characterizing the radionetric performance of
the spacecraft radio when interfaced with DSN equi pnent,
as well as for performance testing of the transponder/USO
conbi nati on. The DSN Devel opnent and Test Facility (DTF
93) will be wused for DSN conpatibility test and
verification.

Existing facilities at the Kennedy Space Center (KSO
w Il be used for prelaunch operations include a Payl oad
Processing Facility, a Hazardous Processing Facility, a
spin balancing facility and the Conpatibility Test Van to
support prelaunch and conpatibility testing anong the
spacecraft, the DSN, and the JPL Mssion Qperations
System

Launch Conpl ex 17 at the Cape Canaveral Air Force Station
(CCAFS) wll be used for |launch pad operations with the
Delta |aunch vehicle. During both the KSC and CCAFS
operations, elenents of the NASA Conmuni cation Network
(NASCOM w Il be used.

Facilities used during mssion operations for the conduct
of the mssion include el ements of the DSN, el enents of
the NASCOM and el enments of the AMMOS at JPL, including
the m ssion support area (MSA) facilities to house the
Project offices and operations teans.

No requirenents for new or nodified Governnment or
contractor facilities have been identified and no new
facilities are planned.

Logi stics

Provisions for cost effective and efficient logistics
support wll be included in the requirenents, design and
operating plans for the three project systens.

Providers of science instrunents are responsible for
delivering their hardware on schedule to the spacecraft
contractor's assenbly facility.

The spacecraft contract or wi | provide for t he
acqui sition of the conponent parts required for assenbly
and test of the spacecraft bus, and wll be responsible
for transporting the spacecraft to the |aunch site.

The m ssion systenmis ground data systemw || be designed
for rapid and low error delivery of data from the DSN

- 10 -
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stations to and from the renote science and spacecraft
operations sites.

M ssion Results Anal ysis and Reporting

Science analysis, interpretation, docunentation and the
preparation of reduced and anal yzed data record sets from
data acquired during the course of the mssion wll be
acconpl i shed by the Science Teans and | nvesti gator groups
acquiring the data. A description of the data policy
will be contained in the Mars d obal Surveyor Science
Data Managenent Pl an. The contracts or letters of
agreenments negotiated wth the investigators will specify
the investigator's responsibility for data reduction,
data anal ysis, publication of results, and the
preparation and the tinely docunentation of reduced and
suppl enentary data for delivery to a data dissem nation
repository as specified in the Science Data Managenent
Pl an. The mssion system nmanager is responsible for
assuring that adequate data security neasures are taken
to protect project data.

The Project will ensure the tinely delivery of raw data

to the investigators, as well as preparing raw data for
ar chi vi ng.

DESCRI PTI ONS

6.1

| mpl enent ati on Approach

JPL is responsible for Project managenent, acquisition of
t he spacecr aft and t he scientific I nstrunents,
devel opnent of the m ssion operations systemand flight
operations of the spacecraft, for the data processing
capabilities and operational support provided by the
AMWOS, and for operation of the institutional tracking
and data system (the DSN). The CGoddard Space Flight
Center is responsible for the acquisition of |aunch
services using a Delta launch vehicle, for physical
integration of the spacecraft with the |aunch vehicle and
for launch and placenent in the proper orbit for
injection into the trans-Mars trajectory. The Kennedy
Space Center is responsible for providing the |aunch site
and | aunch site support services.

Proj ect Managenent, at JPL, wll follow a cost driven
paradigm and wuse innovative approaches to project
managenent and control.

The M ssion systemw || be inplenented in-house at JPL,
using existing institutional m ssion design and m ssion
operations capabilities, many of which have Dbeen
inherited from previous m ssions. Wiile control of

- 11 -
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flight operations wll reside at JPL, spacecr aft
performance analysis and health mintenance wll be
conducted renotely fromthe spacecraft contractor's site.
Renotely located workstations —wll all ow science
experinmenters to remain at their honme institutions and
interactively participate in m ssion operations planning,
access the Project data base and acquire that data for
analysis of its scientific and engineering content and
for processed data archive and archival or access by
ot her investigators.

The Science system wll be nanaged by JPL, but the
elements of the system wll be acquired through
contracted efforts, NASA centers or from ot her Government
agencies. The inplenentation of science investigations
wil | be definitized wth the selected principal
i nvestigators through a contract, a Letter of Agreenent,
or a Menorandum of Understanding, depending upon the
agency responsi ble for the investigation.

The spacecraft systemw || be managed by JPL but procured
t hrough a conpetitive procurenent. JPL will provide to
the contractor, as Governnent furnished equipnent and
support, spacecraft spares from WMars (Cbserver, the
Payl oad Data Subsystem the Command Detector Unit, the
science instrunents, and the engineering support for this
equi pnent .

6.2 Project Summary Wirk Breakdown Structure

The Mars d obal Surveyor work breakdown structure defines
all work necessary to conplete the project, is a product
oriented, hierarchical division of deliverable itens and
relates the el ements of work to each other and to the end
item The work breakdown structure is included as
Fi gure 1.

PROCUREMENT SUMVARY

The basic procurenent approach is directed toward the
efficient use of industry to conpl enent avail abl e NASA and JPL
resour ces.

Al procurenments wll be conpetitive unless it can be
denonstrated that conpetition is inpractical

7.1 Science Investigation Procurenents

NASA has sel ected a subset of the Mars Observer science
i nvestigations for the Mars  obal Surveyor m ssion, and
has formally notified JPL of this decision. These
investigations were conpetitively selected in 1986
t hrough the Mars Cbserver Announcenent of Cpportunity.

- 12 -
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7.2 Spacecraft System Procurenent

The spacecraft is being procured from an industrial
contractor. The contract type will be Cost Rei nbursable

with On-orbit Performance Fee. The fee approach is
predicated on JPL's firm belief that no unplanned cost
growh wll be tolerated. If it appears that the
spacecraft contract will overrun, the performance will be

descoped to maintain the cost cap and the opportunity to
earn the full performance based fee will decrease.

A system contract approach is being utilized for Mars
A obal Surveyor to:

(1) take advantage of the contractor's depth and
flexibility in order to neet the short
schedul e

(2) mnimze cost and risk by wusing existing
contractor designs and capabilities and

(3) to encourage NASA and industry partnering
7.3 Qher Procurenents
The Delta Il Launch Vehicle services will be provided by
NASA.
SCHEDULES
The Project Master Schedule is displayed as Figure 2.
Schedul es for the M ssion, Payl oad and Spacecraft system have

been devel oped and will be updated on a nonthly basis.

Level 1 Ml estones are as foll ows:

Project Start February 1994
System Requi renents Revi ew April 1994
Critical Design Review May 1995
System Test Readi ness Revi ew Cct ober 1995
Spacecraft Ship to Launch Site Sept enber 1996
Launch Novenber 1996
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RESOURCES

9.1 Funding Requirenents (in mllions of dollars)
At Project start the funding requirenents were:
FY94 FY95 FY96 FY97 TOTAL
TOTAL NOA 14.5 74.5 56. 3 9.1 154.5
9.2 Institutional Requirenents

There are no additional institutional requirenents.

MANAGEMENT REVI EW5

10. 1 Program (Agency) Level Reviews

The Program (Agency) Level Reviews are contained in
Figure 3. The reporting requirements for each are
contained in this figure.

10. 1.1 Conbi ned Revi ews

In Phases C and D, the I|ndependent Readi ness
Reviews (IRR) and Independent Annual Reviews
(AR) will be held sinultaneously with Project
| evel reviews to the extent possible.

Quarterly Status Reviews will be conbined with
other major events, occurring in the sane
quarter, if appropriate.
10. 2 Project Level Reviews
The Project Level Reviews are contained in Figure 4. The

reporting requirenents for each are contained in this
figure.

CONTROLS

Controlled itens are those specified itens requiring approval
at NASA senior nanagenent |level before the item can be
establ i shed or changed. These controlled itens are |isted
bel ow

NASA Admi ni strat or

(1) Program Project, and m ssion objectives.
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(2) NASA field center assignnments, and changes
assignnment of major responsibilities to fie

in
ield
centers, industry, universities, and other agencies

(3) The nunber of flight mssions and the nunber of
flight spacecraft
(4) The launch vehicle and the | aunch readi ness date.

(5) Total program funding and funding for each fiscal
year .

(6) Interagency and international agreenents

NASA Associ ate Adm nistrator for Space Science

(1) Science experinent and instrunment selection

(2) Selection of each Principal I nvesti gat or, Co-
I nvestigator, Science Team Leader, Science Team
Menber, and Interdisciplinary Scientist.

(3) Level 1 mlestones.

(4) Changes in the procurenent strategy

(5) Annual obligation authority available to JPL

M SSI ON ASSURANCE

12.

12.

1

2

Gener al

The MSS spacecraft wll be inplemented with Cass A
m ssion assurance  provisions. The MSS science
instruments wll be inplenmented with Gass B mssion

assurance provisions. The MES m ssion operations system
will be inplenmented with provisions typical of a Cass A
m ssi on. In order to inplenent these provisions, the
Project wll concentrate on maxi num sati sfaction of the
principal intent of these provisions within the cost and

schedul e driven paradigm Al'l  previously approved
wai vers, PFRs, NSPARs, |SAs and devi ation docunentation
that apply to inherited elenents for M3 use wll be

revi ewed agai nst MSS requirenents.
Reliability

The spacecraft reliability assurance approach wll
satisfy the requirenents of NHB 5300.4 (1A-1). No m ssion
critical single point failures will be allowed wthout
the Project WMnager's approval. Design analyses are
required and a formal ProblenfFailure Reporting system
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will be inplenented. There will be particular design
anal ysi s focus on FMECAs.

Qual ity Assurance

The spacecraft Quality Assurance (QA) approach wll
satisfy the requirenments of NHB 5300.4 (1B) and NHB
5300. 4 (10. I nst runent QA requirenents I ncl ude
activities necessary to assure interface requirenents
conpl i ance.

Parts

Standard and non-standard parts used on MSS wll neet
Grade 1 equival ent specifications, either through initial
manuf acture or additional screening. Non-standard parts
will be controlled by NSPAR, when not approved in the
parts |list review process or previously approved for use
on MO, Al new parts lists wll be reviewed by JPL for
reliability and radiation issues and action. Al parts
lists will be reviewed against the G DEP Al ert database.

Materials and Processes Contr ol

Spacecraft materials and processes control wll wutilize
t he contractor's st andar ds for high-reliability
spacecraft projects. Changes to science instrunent
materials from the MO baseline wll be controlled as
Class | changes, and an updated materials list wll be

submtted at the Science Instrunent Delivery Review.
Perf ormance Verification

A verification and test program for the spacecraft,
science instrunments, and m ssion operations system wll
be conducted to verify conpliance with requirenents for
design, performance and interfaces, as well as to
denonstrate performance margi ns, spacecraft conpatibility
with the Deep Space Network, Mssion Qperations System
and Launch Vehicle, and to qualify the spacecraft and
instrunents for the mssion environnents. The science
instrunent teans wll assure that the performance and
calibration of the science instrunments are sufficient to
conduct their investigations.

Verification programplanning will be conducted in a top-
down fashion fromexternal interface, m ssion and project
requi renents down and in a bottons-up fashion from the
conponent | evel up. Per f or mance verification
i mplemrentation wll include analysis, inspection, and
testing fromthe conponent |evel through the end-to-end
m ssion systemthat includes all project el enents.



13.

542-10

Previously verified hardware and software will undergo a
reduced conponent |level verification program that is
related to the adequacy of prior verification to MSS
requirements.

12.7 Contam nation Al |l owance and Contr ol

The spacecraft wll be naintained under dass 100,000
contam nation control fromfinal assenbly to delivery to
t he | aunch vehi cl e (see Par agr aph 5.4 Syst em

Constraints).
12. 8 Software Assurance

Key software assurance requirements include software
managenent plans, software docunentation, configuration

managenent , margi n  managenent, delivery review and
testing. The focal point for planning software assurance
wil | be the applicable software mnmanagenent plan.
Sof t war e assur ance i mpl enent ati on Wil focus on

conformance to the agreed-to software nmanagenent plan,
strict control of the applicable previously-approved
basel ine and careful attention to the effects of changes
to the applicabl e previously-approved basel i ne.

12.9 Maintainability
Mars d obal Surveyor systens w il be designed, where

applicable and practical (excludes the existing spares
etc.), to ensure maintainability so as to reduce the life

cycle costs. Wer e new software IS required,
mai ntainability wll be enhanced by applying nodern
software engi neering practices. Sof tware docunent ati on

wi || be understandabl e, conplete and conpatible with the
sof t war e bei ng used.

Rl SK_ASSESSMENT

The project wll mintain a disciplined approach to risk
managenment through the inplenmentation of a risk nmanagenent
program whi ch identifies cost, schedule and technical risks.
Thi s approach utilizes integrated risk assessnents to support
managenent deci sion  maki ng, and communicates to NASA
managenent the significance of the assessed risks and the
deci sions nade with respect to them

The Jlaunch period is established by celestial nechanics
consi derations and nust be net in order to mnimze |aunch
vehi cl e energy requirenents. To mnimze the risk of m ssing
this Jlaunch date, sufficient schedule margin has been
i ncor por at ed into the project schedul e, particularly
spacecraft fabrication, assenbly, test and integration.
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Aerobraking is baselined so as to allow for greater nmass to be
placed in orbit about Mars. To mnimze the risk of
unintentionally inpacting the planet, techniques wll be
devel oped and enployed to ensure that there is sufficient
propel lant and control to raise the spacecraft to a stable
circular orbit at any tinme. Analysis of Mgellan aerobraking
performance data, and data from the in-flight dynamc
experinment perfornmed by the Magell an spacecraft wll be used
to mtigate aerobraking risk for the Mars d obal Surveyor

ENVI RONMENTAL | MPACT

The environnmental inplications and alternatives of the Project
are considered equivalent to those of any other project (NASA,

DOD, or comercial) |aunched by expendable [|aunch vehicles
fromthe Eastern Space and Mssile Center and not wutilizing
special nuclear material or radioisotope thernoelectric
generators. To neet the requirements of the Nationa

Environnmental Policy Act, a formal environnmental assessnent
will be prepared using the procedures provided in NASA NHB
8800. 11, "Inplenenting the Provisions of the National

Envi ronnmental Policy Act."

SAFETY
15.1 Industrial Safety

JPL personnel and facilities are continuously nonitored
in order to assure safe working practices, as well as a
safe working environnent for JPL  personnel and
contractors. El ectrical safety, Fire and Life safety,
Pressure Systens safety and construction safety are the
primary issues addressed fromboth a hazard abat enent and
renmedi ati on standpoint, as well as froma code conpliance
st andpoi nt .

Formal and informal safety inspections of facilities,
operational safety reviews, facility readiness reviews,
m shap reports and formal training prograns assure
Laboratory conpliance with CAL/ GSHA, NEC, NFPA, UBC Codes
as well as specific contractual NASA requirenents.

Al'l buildings containing flight hardware are nonitored

for Industrial Safety concerns including lifting and
el evating equipnent, fire suppression systens, pressure
systens and conponents, life safety issues, building

nodi fications, access and egress issues, evacuation
procedures, energency response, etc.
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15. 2 Range Safety

The Air Force Range Safety Goup at Patrick Ar Force
Base requires that all equipnment, flight hardware and
operations at Cape Canaveral Air Force Station (CCAFS)
comply with ERR 127-1 "Eastern Range Regul ation -- Range
Safety." Furthernore, since the majority of the
spacecraft pre-launch servicing is perfornmed at Kennedy
Space Center (KSC), conpliance with GP-1098 "KSC G ound
Qperations Safety Plan" is also required. Both of these
docunents have been inposed on JPL and the spacecraft
system contractor and instrunment suppliers.

As required by ERR 127-1, a Mssile System Pre-launch
Safety Package wll be prepared which describes the
flight article and any potentially hazardous ground
support equi prent and operations. Hazards involved with
the equi pment and its use during pre-launch preparation
of the flight hardware are identified as well as the
met hods by which the hazards are elimnated, controlled
and verified. Air Force and KSC approval of this
docunent will be obtained prior to shipnent of the flight
spacecraft and GSE to the | aunch site.

15.3 System Saf ety

Al l hardware and support equi pnent will be designed and
operated in a manner to ensure safety of both personnel
and equi pnent during all phases of fabrication, test and
operations. This is acconplished to the maxi num degree
practical by assuring that the hardware design has the
appropriate safety characteristics.

Hazards that cannot be elimnated by design are dealt

with by proper procedures, saf eguar ds, oper at i onal

techni ques, training prograns and nonitoring and alarm
systens. In order of descending significance, the
foll ow ng considerations are addressed: (1) personnel

safety, (2) flight critical equi pnent  cat astrophic
damage, and (3) flight critical equipnment degradation.

Project safety requirenents wll be docunented in the
Project Safety Plan which will define the approach to be
used and requirenents to be net throughout all Project

activities. Requi rements for in-house efforts wll be
defined in accordance with JPL safety policy and JPL
Docunment D-560, JPL Standard for Systens Safety". The

Plan will require safety activities commensurate with the
potential hazards to either equipnent or personnel
associated wth the Project. It will identify Project
or gani zat i onal requirenments responsibilities, and
authorities for performng the safety functions.
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The spacecraft contractor wll have a safety program

which neets the intent of D 11411, Volune 1, System
Safety Standards for JPL Contractors, with provisions to
ensure that the contractor and JPL safety prograns are
mutual Iy conpati ble and interactive. The contractor wll

generate a definitive Spacecraft System Safety Plan for

approval by JPL.

Science instrunment safety requirenents wll be net
through the safety plan, safety analysis, and safety
support required by the contract or letter agreenment for
the procurenent of the science instrunent. This wll
include agreenents to neet all safety requirenents
establ i shed by the Project.

SECURI TY

The Project's ground systemwi th its distributed architecture
is largely supported by the services of the nultimssion Deep
Space Network (DSN), Miltimssion Qperations Systens Ofice
(MBSO, and NASA Comunications (NASCQV . Its renote
operations facilities, located at wuniversities, governnent,
and private conpanies facilities are networked to the nmin
facility at JPL. This diversified support requires that data
integrity internal to the project be naintained and,
furthernore, that no conpromse is nmade to organizations or
facilities providing support to the project.

Each organization in the project has its own set of
regul ations regarding the use of its facility and preservation
of data integrity and conputer security.

The Mars d obal Surveyor M ssion Security Plan, Docunent No.
542- 404, sets forth the regulations to be followed across the
project to mtigate security breaches.

EDUCATI ON

The Mars d obal Surveyor Project wll conduct a vigorous
educati onal program designed to be a significant contributor
to NASA' s educational vision of pronmoting excellence in
Anerica's education system In doing so, it will help expand
Anerica's scientific and technol ogi cal conpetence.

TECHNOLOGY TRANSFER

The Project has no specific technology transfer objectives.



MARS GLOBAL SURVEYOR
WORK BREAKDOWN STRUCTURE
542/533

WBS CODES AND TITLES

10000

20000

wbs.xls

PROJECT MANAGEMENT

100 PROJECT OFFICE

542-10010 PROJECT MANAGEMENT

542-10020 MANAGEMENT SYSTEMS
542-10021 PROJECT SCHEDULING
542-10030 PROJECT ENGINEERING
542-10031 ENVIRONMENTAL ASSESSMENT

542-10040 PRODUCT ASSURANCE MANAGER

542-10041 SYSTEM SAFETY SUPPORT

542-10050 LAUNCH VEHICLE ENGINEERING
542-10060 PROJECT SCIENTIST

110 ADMINISTRATIVE AND OTHER

542-11010 PROJECT RELOCATION

542-11012 REVIEW BOARD

542-11030 PUBLIC INFORMATION
120 PROJECT CONTINGENCY

542-12010 PROJECT CONTINGENCY
SPACECRAFT
200 SPACECRAFT SYSTEM MANAGEMENT

542-20010 SPACECRAFT SYSTEM MANAGER

542-20020 SEB SUPPORT (FOR NON-PROJECT PERSONNEL)
542-20030 SPACECRAFT CONTINGENCY

542-2003- SYSTEM ENGINEERING
542-20031 SYSTEM ENGINEERING
542-20032 FLIGHT SOFTWARE
210 RELIABILITY AND QUALITY ASSURANCE SUPORT
542-21010 SPACECRAFT RELIABILITY SUPPORT
542-21020 SPACECRAFT QUALITY ASSURANCE SUPPORT
542-21030 SPACECRAFT ELECTRONIC PARTS SUPPORT

Page 1

SECTION

152
152
311
152
311
500

524

313
326

250
250
250

152

152
152
152

313
313

521
512
514
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WBS CODES AND TITLES

220

230

30000 SCIENCE

300

310

320

330-

wbs.xls

MARS GLOBAL SURVEYOR
WORK BREAKDOWN STRUCTURE
542/533

SUBSYSTEM SUPPORT

542-22010
542-22011
542-2202-

542-22030
542-22040
542-22060
542-22070
542-22080
542-22090

542-23010

TELECOM SUPPORT
TELECOM HARDWARE SUPPORT
C&DH SUPPORT

C&DH MONITORING
PAYLOAD DATA SUBSYSTEM TASK

542-22021
542-22022

POWER SUPPORT

AACS SUPPORT

PROPULSION SUPPORT
APPLIED MECHANICS SUPPORT
SYSTEM TEST SUPPORT

STL DEVELOPMENT

SPACECRAFT CONTRACT

SCIENCE MANAGEMENT

542-30010
533-P0O010
542-30020

SCIENCE MANAGER
SCIENCE MANAGER
SCIENCE CONTINGENCY

PAYLOAD SYSTEM ENGINEERING

542-31010
533-P1010

PAYLOAD SYSTEM ENGINEERING
PAYLOAD SYSTEM ENGINEERING

RELIABLITY AND QUALITY ASSURANCE

542-32010
533-P2010
542-32220
533-P2220
542-32230
533-P2230

PAYLOAD RELIABILITY SUPPORT
PAYLOAD RELIABILITY SUPPORT
PAYLOAD QUALITY ASSURANCE SUPPORT
PAYLOAD QUALITY ASSURANCE SUPPORT
PAYLOAD ELECTRONIC PARTS SUPPORT
PAYLOAD ELECTRONIC PARTS SUPPORT

INSTRUMENT DEVELOPMENT

542-3331

MARS ORBITAL CAMERA

Page 2

SECTION

339
339

348
348

342
343
353
354
374
348

152

152
152
152

313
313

521
521
512
512
514
514
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340

533-P331

542-3332
533-P332

G42-3333

542-3334

533-3334

G42-3335

533-3336

MARS GLOBAL SURVEYOR
WORK BREAKDOWN STRUCTURE

542/533

MARS ORBITAL CAMERA

542-33310 MOC H/W DEVELOPMENT
533-P3310 MOC H/W DEVELOPMENT
542-33311 MOC QA/LOAN POOL
533-P3311 MOC QA/LOAN POOL

THERMAL EMISSION SPECTROMETER
THERMAL EMISSION SPECTROMETER

33320
P3320

TES H/W DEVELOPMENT
TES H/W DEVELOPMENT

MARS ORBITAL LASER ALTIMETER

G42-33330

MOLA H/W DEVELOPMENT

ULTRASTABLE OSCILLATOR
ULTRASTABLE OSCILLATOR

N42-33340 USO - NAVY

533-33341 USO TEST SUPPORT
533-33342 USO ENGINEERING SUPPORT
533-33343 USO QA

MAGNETOMETER/ELECTRON REFLECTOMETER

G42-33350 MAG/ER H/W DEVELOPMENT
MARS RELAY
533-33360 MR I/F & I/T

SCIENCE SUPPORT

533-34010
533-34020
533-34030
3404-

SCIENCE DATA VALIDATION TEAM
RADIO SCIENCE SUPPORT TEAM
SCIENCE LOAN POOL

SCIENCE OPS SUPPORT TEAM

533-34041 TES/MBR EXP REP
533-34042 MOC EXP REP
54234043 MAG EXP REP
542-34044 MOLA EXP REP

Page 3

SECTION

152
152
152
152

152
152

152

152
339
339
521

152

152

317
339
152

328
315
328
326
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WORK BREAKDOWN STRUCTURE

542/533
WBS CODES AND TITLES
533-34045 RS EXP REP
533-34046 IDS/DARWG EXP REP
350 SCIENCE INVESTIGATIONS
542-35010 IDS - NON GOVT
3502- IDS - GOVT
A42-35021 IDS - POLLACK
u42-35022 IDS - CARR
U42-35023 IDS - SODERBLOM
360 SCIENCE INVESTIGATION MAINTENANCE
533-3601- MARS OBSERVER CAMERA
533-36010 MOC FACILITY MAINTENANCE
3602- THERMAL EMISSION SPECTROMETER
533-36020 TES FACILITY MAINTENANCE
G42-36021 TES CO-I
3603- MARS OBSERVER LASER ALTIMETER
G42-36030 MOLA FACILITY MAINTENANCE
3604- MAGNETOMETER
G42-36040 MAG FACILITY MAINTENANCE
3605- RADIO SCIENCE
533-36050 RS FACILITY MAINTENANCE
533-36051 RS TM-JPL
533-36052 RS TM-JPL
G42-36053 RS TM-GSFC
40000 MISSION
400 MISSION SYSTEM MANAGEMENT
542-40010 MISSION MANAGER AND STAFF
542-40020 MISSION CONTINGENCY

wbs.xls

Page 4

SECTION

339
317

152
152

152

152
152

152

152
152

152

152

152
314
333
152

152
152
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410

420

430

440

542-40030
542-40050
542-40060

MARS GLOBAL SURVEYOR
WORK BREAKDOWN STRUCTURE
542/533

COMMAND ASSURANCE
MISSION OPS SYSTEM ENGINEER
MSN CONFIGURATION MGT

SPACECRAFT CONTRACT SUPPORT

542-41010

SPACECRAFT CONTRACT

MISSION & NAVIGATION DESIGN

542-42010
542-42020
542-42030
542-42040
542-42050

MSN/NAV DESIGN TEAM LEADER
MISSION DESIGN

NAVIGATION DESIGN

LINK PERFORMANCE SPEC & SUPPORT
PLANETARY PROTECTION

FLIGHT ENGINEERING

542-43010
542-43020
542-43030
542-43040
542-4305-

FLIGHT ENGINEERING DEV LEAD

OPS UPLINK ENGR

OPS DEV: NAVIGATION TEAM

OPS DEV: PLANNING & SEQUENCE TEAM
OPS DEV: SPACECRAFT TEAM

542-43050 OPS DEV: S/C TEAM--SYSTEM

GDS DEVELOPMENT AND MAINTENANCE

542-44010

542-44020
542-44021
542-44030
542-44050

GDS ENGINEERING AND LEAD

542-44011 GDS APPLICATIONS ENGR
542-44012 GDS TEST SUPPORT
542-44013 GDS R/T COG ENGR
542-44014 GDS DATABASE ENGR
542-44015 GDS SEQUENCE ENGR
542-44016 GDS TPAS ADAPTATION
542-44017 GDS NAVIGATION ENGR
542-44018 GDS SCIENCE SUPT ENGR

GDS HW/SW PROCUREMENTS

GDS ENABLING TECHNOLOGIES

GDS VERIFICATION & TEST ENGINEERING
GDS CHANGE REQUESTS

Page 5

SECTION

522
317
317

152

152

310
312
314
339
354

371

315
315
314
315

313

317

397
316
316
391
315
339
314
317

152
317
348
317
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WORK BREAKDOWN STRUCTURE

542/533
WBS CODES AND TITLES SECTION

450 FLIGHT OPERATIONS
542-45010 FLIGHT OPERATIONS DEVELOPMENT 391
542-45020 DATA ADMINISTRATION - OPS 391
542-45030 LOAN POOL 391
542-45040 DOWNLINK ENGINEERING 317
542-45050 MCT SUPPORT 391

50000 LAUNCH OPERATIONS SYSTEM

500 LAUNCH OPERATIONS MANAGMENT

50010 LAUNCH SITE MANAGER

wbs.xls Page 6 1/6/95
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JPL JWUL ION LABORATORY MARS GLOBAL SURVEYOR O
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MARS GLOBAL SURVEYOR
AGENCY REVIEWS

PHASE REVIEW PROGRAM/ OBJECTIVE SCHEDULED
PROJECT DATE
BEGINS AT INDEPENDENT ANNUAL REVIEWS (IAR) PROGRAM PROVIDES AN INDEPENDENT CY95 - 2ND QTR
C VERIFICATION THAT
PROGRAM/PROJECT COMMITMENTS
IN THE PROGRAM COMMITMENT
AGREEMENTS ARE BEING MET.
BEGINS AT INDEPENDENT READINESS REVIEW (IRR) PROGRAM PROVIDES AN INDEPENDENT CY96 - 3RD QTR
C ASSESSMENT OF PROGRESS
TOWARD LAUNCH.

Figure 3

9/26/94



MARS GLOBAL SURVEYOR
PROJECT REVIEWS

PHASE

REVIEW PROGRAM/ OBJECTIVE
PROJECT

SCHEDULED
DATE

SYSTEMS REQUIREMENTS REVIEW (SRR) PROJECT CONFIRMS THAT THE REQUIREMENTS
AND THEIR ALLOCATIONS
CONTAINED IN THE
SYSTEM/SEGMENT SPECIFICATIONS
ARE SUFFICIENT TO MEET PROJECT
OBJECTIVES.

COMPLETED,; 4/94

CRITICAL DESIGN REVIEW (CDR) PROJECT CONFIRMS THAT THE PROJECTS
SYSTEM, SUBSYSTEM, AND
COMPONENT DESIGN IS OF
SUFFICIENT DETAIL TO ALLOW FOR
ORDERLY HARDWARE/SOFTWARE
MANUFACTURING, INTEGRATION, AND
TESTING AND REPRESENTS
ACCEPTABLE RISK.

CY95 - 2ND QTR

SYSTEM ACCEPTANCE REVIEW PROJECT DEMONSTRATES THAT THE SYSTEM
(SAR)/OPERATIONAL READINESS REVIEW (ORR) ELEMENTS CONSTRUCTED FOR USE
WILL MEET ALL THE SYSTEM
REQUIREMENTS; VERIFIES THAT THE
OPERATIONAL SUPPORT ELEMENTS
OF THE SYSTEM ARE READY TO
SUPPORT SYSTEM OPERATIONS.

CY9 - 3RD QTR

FLIGHT READINESS REVIEW (FRR) PROJECT VERIFIES THE SYSTEM ELEMENTS
CONSTRUCTED FOR USE AND THE
EXISTING SUPPORT ELEMENTS ARE
READY FOR LAUNCH

CY96 - 4TH QTR

Figure 4

9/26/94
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